JT00195661
TABLE OF CONTENTS
ASSESSING
1.
Ageing populations reflect the decrease in fertility rates from baby-boom levels and the steady increase in longevity. Whereas this trend is well documented, projections for the next decades remain surrounded by uncertainty. This paper assesses the robustness of demographic projections to different assumptions about mortality, fertility and migration in 23 OECD countries. It then derives upper-and lower bounds for the dependency ratios up to 2050.
2.
The analysis builds on a small-scale demographic simulation model. Though simple, this model reproduces closely national projections when the same mortality, fertility and migration assumptions are applied. It then allows for analysing the sensitivity of projections to alternative demographic assumptions. The dependency ratio associated with these simulations is defined as (population over 65/population between 15 and 64), which is the relevant definition for the purpose of economic analysis.
3.
The paper begins with a presentation of the demographic simulation model used to reproduce closely national projections (Section 2). It then turns to the results of the simulations for 23 OECD countries (Section 3). Section 4 concludes.
A simple demographic simulation model

4.
This demographic model generates long-term demographic simulations based on a limited set of 7 parameters: life-expectancy for women, life-expectancy for men, infant mortality, net migration flows, fertility rate, average age of mothers, and a parameter to take account of mortality at very old age. Using these data, the model projects total population by age-group from 2000 to 2050 (and beyond if needed).
The mortality block
5.
The "mortality block" of the model computes surviving populations over time in each cohort given a number of initial births. It uses one assumption about future average life expectancy to derive death rates by sex and 5-years age groups. Defining mortality profiles beyond the age of 85 is more complex and requires a specific methodology. Once all the death rates for every 5-years age group are defined, projecting future surviving population for cohorts currently alive becomes straightforward. 1 .
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Deriving death rates up to 84 years
6.
Death rates measure the probability of dying during a given period. As a first step, the model computes death rates between two birthdays. This is done by using Lederman's tables (1969) as updated by Léridon (1996) and slightly modified in this paper. The second step involves transforming these birthdayto-birthday death rates into date-to-date death rates. The latter measure the probability of dying between Jan 1 st of year N and five years later.
7.
In what follows, i refers to a 5-years age-group. For example, 0 = i stands for the age-group of individuals aged between 0 and 4,
for the age-group of individuals aged between 5 and 9, and so on. Index t refers to a 5-years period. 8. Lederman (1969) estimates death rates for each sex and age-group using only one input, i.e., average life expectancy at birth. Using a multinational database, he regresses the probability for someone celebrating his/her 5 (i) th birthday in t of dying before his/her 5 (i+1) th birthday on life expectancy. For example, Lederman estimates the probability for an individual who belongs to the 5-9 years-old group in [2005] [2006] [2007] [2008] [2009] refers to a given value of life-expectancy. The higher the longevity, the lower the probability of death at each age.
10.
Lederman's methodology for modelling mortality has many advantages. It is very well suited for a simulation exercise with few demographic data at hand. Yet this method suffers also from serious drawbacks. Estimated parameters
in the above formulas were computed during the 60's using 154 mortality tables from 48 countries. In other words, they reflect mortality half a century ago, including in countries then poorly developed. Applying Lederman's parameters would thus grossly overestimate mortality for developed countries in the 21 st century.
11.
To make up for these drawbacks, Léridon (1996) and Léridon and Toulemon (1997) The obtained death rates are much lower at any age than Lederman's (1969) . Yet the estimation method of the two coefficients in the polynomial is not detailed by the authors. Computed ten years ago, they still overestimate death rates. Thus, using the Leridon-adjusted death rates in the demographic simulation model under the same assumptions as in national projections yields a dependency ratio 3 much lower than the projected official one. 4 12.
In this context, we used Léridon's polynomial adjustment but slightly modified the value of its second-order coefficient so as to get a dependency ratio that is close to the official one. We thus calibrated the model on 0.0115 for men and 0.01 for women (instead of 0.009 in Léridon) . 5 In all countries, this adjustment yields demographic projections well in line with official ones at unchanged assumptions.
13.
Age-group 0-4 requires a somewhat specific treatment. For these individuals ( 0 = i ), the computation of the probability of dying before the 5 th birthday takes into account the infant mortality (noted t inf ): 6 Fortunately the date-to-date death rates can easily be derived from Lederman's death rates.
15.
For individuals aged 10 to 84, Lederman's death rates are transformed into date-to-date death rates using the formula:
stand for the probability for a man/woman alive at the beginning of period t of dying before the beginning of period 1 + t .
3.
The dependency ratio is computed here as (population over 65/population between 15 and 64).
4.
On French data, it also overestimates death rates by age-groups as compared to Vallin and Meslé (2001) .
5.
The parameter for men is slightly higher than for women in order to take into account the literature about the gradually shrinking difference of longevity between sexes.
6. This is because national projections for 5-years periods are computed at January, 1st of each first year of each period. See for instance Brutel C. 
16
. Figure 2 illustrates the intuition lying behind these expressions. They rely on the assumption that births are homogenously distributed over each t . Thus a 5-years age-group can be represented by its average individual born in the middle of the period of birth of the age-group. They also assume deaths to be homogenously distributed between the i 
19.
Consequently, for individuals aged 5 to 9, date-to-date death rates become:
Deriving death rates above 85
20.
Estimating and projecting death rates at higher ages has become an increasingly debated and still unsettled issue among demographers over the past decade (Thatcher, Kannisto and Vaupel, 1998) . Apart from empirical and data availability problems (Meslé and Vallin, 2000) , the debate focuses on the statistical law that might best fit with mortality dynamics at very old age.
21.
Some degree of consensus seems currently to have been reached on at least two points:
• Biodemographic studies found a remarkable similarity in survival dynamics between humans and laboratory animals. The Gompertz law states that mortality increases exponentially with age (Gavrilov, 2004) . Empirically, this law is valid for ages between 35 and 80. The death rates in the demographic simulation model take this into account. For example, Figure 3 (with semi-log scale) shows the death rates computed for the cohort born in 2000.
7.
Lederman's method allows for computing the probability for an individual born during period t of dying before its 5th birthday in 1 + t , which is noted Sleiman (2002) suggests that 85% of mortality for individuals aged 0-4 is concentrated during the first year of life. Given the assumption of constant birth flows during period t which enables to represent a cohort born in period t by an average individual born in the middle of t, the probability for this average individual to die before the first day of period
. Sleiman simplifies by retaining 85% only.
[Figure 3: Death rates for men and women: an example]
• Yet, over the past decade, demographic studies increasingly questioned the validity of Gompertz law at higher ages, for which it clearly seems to overstate mortality.
22.
Demographic research has tried to refine the Gompertz approach for higher ages, for instance by using logistic models (Thatcher, 1999) . The method proposed by Lee and Carter (1992) is widely used but is based on the doubtful assumption of a constant rate of decline in mortality. This hypothesis is challenged by empirical evidence. The consequences are not negligible if projections are made over several decades. 8 23.
Other researchers argued that mortality is likely to level off after some (unspecified) threshold. This would have far-reaching consequences: with death rates stabilizing after a threshold, human longevity would be uncapped and would keep increasing at a rapid rate in the next decades. Such an issue remains very controversial among demographers. The levelling-off argument might underestimate mortality at old age: empirical evidence over the long run shows that survival probability curves have become increasingly rectangular on their right-hand side (Kannisto, 2000) 9 . This suggests at least that mortality keeps increasing at very old age -albeit not exponentially as in the Gompertz law.
24.
Given this uncertainty, the methodology adopted in the demographic simulation model remains agnostic. Death rates above 85 are computed as a weighted average of their value according to the Gompertz law and the levelling-off argument. The former provides an upper-bound for mortality and the latter a lower bound. 10 The value of the weighting parameter is between 0 and 1 and is set at 0.5 unless stated otherwise.
11 Figure 4 displays different survival probability curves for different values of this parameter. 
Fertility
25.
The "fertility block" of the model computes at any date an age-specific fertility function for a population. This function links the number of births to a population of women ranked by age.
26.
Defining the age-specific fertility function
requires assumptions about three parameters:
8. This explains why private insurers tend to use the Lee-Carter method only over the short-run (i.e., up to 10 or 15 years in this context).
9. This rectangularisation suggests that human life might have natural limits (around 120 years).
The form of the Gompertz function is
. Parameters a and b are derived from a 2-equations system obtained with QM(10, t) and QM (16,t+6) , which values are computed following Lederman and Leridon (see above). The same is done for estimating ) , ( t i QW .
11.
1 corresponds to a pure Gompertz case, 0 to a pure leveling-off argument. Strictly speaking, the average life-expectancy at birth in the model should be positively related with the hypothesis used for mortality over 85. Yet the magnitude of this impact remains very limited (less than one year of longevity) and is neglected is the model.
12.
Strictly speaking, the average life expectancy at birth used in the model should be positively related with the hypothesis used for mortality over 85. Yet, the magnitude of this impact remains very limited and is neglected in the model.
• The total fertility rate in period t ( t TFR ). This rate measures the average number of children a cohort of women would have during their fertile period (i.e., 15 to 49) assuming that this cohort has the same fertility rates by age as women at the date for which the total fertility rate is computed.
• The average age of women at the date of birth of their children in period t, noted for women aged 16 and so on until women aged 49.
• The variance of the age of women at the date of birth of their children at a given period t:
27.
To derive the age-specific fertility function from these parameters, we rely on the function tested by Duchêne and Gillet de Stéphano (1974) : ( 2 ) The age-specific fertility rates are initially computed for annual t x 's and then averaged so as to yield 5-years age-groups data. Overall the obtained fertility profile seems realistic ( Figure 5 ), event though they tend to underestimate fertility of early ages on French data. 
30.
Using this method and knowing the number of women between 15 and 49 at the beginning of the period of projection, one can derive the number of births at this date, 14 then the number of individuals 13. Duchêne and Gillet de Stéphano (1974) obtain these estimates using demographic data from different countries in the 1960's. Applying their formula to the fertility rates observed in 1995-2000 yields simulated age variances by countries not too far from the observed ones. The impact on the projected dependency ratio of the difference between recently observed and simulated age variances is very small. Thus adjusting Duchêne and Gillet de Stéphano's formula is not necessary. Overall, the results in the model do not depend very much on this parameter.
14. Total births are broken down between boys and girls applying respectively the following proportions (which are very stable over time): 0.512 and 0.488.
surviving afterwards by applying death rates to these new cohorts, and eventually the number of future births given the number of surviving women in a cohort and the future age-specific fertility function. Overall this yields a total population projection -without migration flows.
Migration
31.
Taking into account international migration flows relies on a purely accounting framework. Modelling immigration is possible but remains very fragile given the uncertainty about future trends in immigration policies among countries.
32.
In this context, the model requires only one hypothesis as concerns the average annual net migration flows in every 5-years period. These net flows are assumed equally distributed by sex. They are distributed by age-group according to the average values across 6 countries for which data were available.
15 Immigrants are supposed to have the same mortality and fertility rates as nationals.
Comparing simulations with national projections at unchanged demographic assumptions
33.
The demographic simulations of the model can be compared with the official ones when the same assumptions are used as concerns mortality, the fertility rate and net migrations flows. Life-expectancy in the model converges linearly to its level as in official projections for 2050. 16 In the old-age mortality scenario, the value of the weighting parameter mapping mortality at old age is set at 0.5. It thus corresponds to the median scenario depicted in Figure 4 .
34.
Overall, the model produces demographic simulations that are close to the official projections under the same assumptions concerning mortality, fertility and migration.
17 Figure 6 shows that the dependency ratio (population over 65/population between 15 and 64) in the national projections and in the model simulations are very close to the official projections in 23 OECD countries. 
35.
A more detailed comparison between national and simulated scenarios -by age-group and by period -also points to relatively small differences. Figure 7 suggests that the model projections are for all dates and age-groups within a few percentage points (at most) from the official projections. 
15.
More precisely, the average structure by age of net migration flows is based on data for Germany, France, Italy, United Kingdom, Netherlands and Sweden as computed by Sleiman (2002 
17.
In all simulations, the average age of mothers is assumed to converge linearly to 30 years in 2050. This is in line with past trends.
18.
Countries where some data were not available or where the simulated dependency ratio was more than 5% different in 2050 from the official one were not selected in the panel.
19.
Differences in the French case for old-age are always less than 10% and concern a relatively small agegroup.
[ Figure 7 : Differences between the structure of the population by age in the simulation model and in national projections]
Demographic simulations for OECD countries
36.
Using the demographic simulation model illustrated above, this section investigates the sensitivity of projected dependency ratios to changes in the demographic assumptions underlying national projections. The dependency ratio is defined as (population over 65/population between 15 and 64).
Impact on the dependency ratio of different future longevity gains
37.
As argued in Oliveira Martins et al.. (2005) , there is considerable debate about future longevity gains among OECD countries. National projections assume on average that these gains may decelerate from their current long-run trend of more than two years per decade to 1.3 year per decade. For the time being, current data do not show any sign of this deceleration. We simulate three scenarios: no longevity gains from 2000 onwards, gains of one year per decade and gains of two years per decade. All others demographic assumptions are as in the national projections.
[Figure 8: Dependency ratio and future longevity gains]
38.
Up to 2030, alternative assumptions concerning future longevity gains would not impact significantly the dynamics of the dependency ratio. Since mortality remains relatively low below 70 years, most baby-boomers will still be alive in the 2020's whether life-expectancy increases or not.
39.
However, from 2030 on, the magnitude of longevity gains would have a significant and, in some countries, dramatic impact on the dependency ratio. Higher longevity gains would accelerate the upward trend of the dependency ratio associated with the post-baby boom decline in fertility. The stronger this baby-boom effect, the more longevity gains may bolster the ageing process. For countries where national projections embody a dependency ratio of 60% or more in 2050 (Japan, Italy, Spain, Korea, Poland), different assumptions concerning future longevity gains translate into a sensitivity range of around 15 percentage points around the postulated dependency ratio in 2050. This range peaks at 20 percentage points in the case of Japan. For countries where national authorities project a dependency ratio of 45-50% in 2050 (Germany, Austria, Belgium, France, Finland, Portugal), the sensitivity bound is still about 10 percentage points. For countries ageing less rapidly (Netherlands, Denmark, Great Britain, Norway, New Zealand, Canada, Iceland), the interval is at most 10 percentage points. For Turkey and Mexico, which do not face a strong ageing process, it is negligible.
Impact on the dependency ratio of different future mortality rates at old age
40.
As argued in Section 2., the issue of mortality above 85 remains largely unsettled today. We run three scenarios as depicted in Figure 4 , where the value of the weighting parameter mapping mortality at old age between the Gompertz law and the levelling-off argument takes the value 0, 0.5 or 1 respectively. In the first case, mortality levels off after 85. In the third case, the Gompertz law keeps applying after 85.
[ Figure 9 : Dependency ratio and future mortality at old age]
41.
In most countries, the uncertainty concerning mortality at old age will probably not have strong consequences for the dependency ratio in the next decades. Only one or two percentage points in 2050 are at stake on average. Yet in the Japanese case, very low mortality at old age could still increase the dependency ratio by up to 5%.
Impact on the dependency ratio of different future fertility rates
42.
Fertility rates are notoriously hard to forecast. It remains unclear whether they follow a cyclical pattern or are subject to sudden changes. Currently, most OECD countries experience a fertility rate that is too low for stabilizing their population in the long-run (i.e., less than 2.1). We attempt to take account of these features by running two simulations. In the first, the fertility rate remains constant from 2000 on. In the second scenario, it converges linearly to 2.1 in 2025 and remains constant thereafter.
[Figure 10: Dependency ratio and fertility rate]
43.
Not surprisingly, a recovery of the fertility rate in countries where it is currently low would significantly alleviate upward pressures on their dependency ratio. This effect would not materialize before 2030. Yet, the sensitivity range for the dependency ratio in 2050 would be between 5 and 15 percentage points. In most countries, this range is close to the one obtained in the simulations with different longevity gains assumptions.
Impact on the dependency ratio of different future net migration flows
44.
Migration flows are essentially determined by policies. Thus, they are hard to forecast in the long-run. However, national projections provide some indications in this matter. We run two simulations, the first one relying on official assumptions about migration, the second assuming net migration flows twice as large as official ones in countries where there is net immigration throughout the projection period.
20
[Figure 11: Dependency ratio and net migration flows]
45.
Results suggest that a sharp increase in net migration flows over the whole period would not have a significant effect in several countries (e.g., France, Japan). In these cases, the associated sensitivity range for the dependency ratio would amount to five percentage points on average in 2050. The range would be somewhat higher in countries with high immigration (in relative terms) as Germany, Austria, Canada, Italy, Spain and United Kingdom. In these countries, the effect on the dependency ratio of a sharp increase in net migration flows is comparable with the one observed in the simulations involving higher fertility. This effect of higher migration flows would materialize more rapidly than in the other simulations.
Conclusion: cumulative impacts of different demographic assumptions
46.
Uncertainty about future demographic phenomena flows mainly from the unpredictability of future longevity gains and fertility dynamics. Uncertainty about mortality at old age and, to a lesser extent, net migration flows, might play a smaller role. It is interesting, however, to investigate the cumulative effect on projected dependency ratios of different demographic assumptions.
47.
Bearing in mind the illustrative nature of simulation exercises, the overall sensitivity of the projected dependency ratios to demographic assumptions is assessed by running two alternative simulations for each country. In the lower-bound scenario, we assume no longevity gains, a fertility rate converging to 2.1 in 2025, the validity of the Gompertz law and high migration flows. The upper-bound scenario assumes longevity gains of 2 years per decade, a constant fertility rate from 2000 on, levelling-off mortality after 85 and national migration assumptions.
20.
Net migration flows are negative in national projections for Korea, Mexico and Turkey, and zero in Poland. No migration scenario is run for these countries.
[ Figure 12 : Overall sensitivity range: upper-and lower-bound scenarios]
48.
The dependency ratio in the lower-and upper-bound scenarios displays very different patterns in all countries, reflecting cumulative and polar -yet far from unrealistic -assumptions. On average, the difference between the dependency ratios in 2050 in both scenarios is around 20 percentage points. In countries ageing rapidly, the difference appears still bigger (up to 40 percentage points in Japan and Italy). By contrast, the United States will probably not experience any strong ageing process even in the upperbound scenario.
49.
These lower-and upper-bound scenarios are useful to assess the widest possible range for future dependency ratios. In the lower-bound scenario, fertility picks up and longevity does not increase, whereas longevity increases and fertility remains relatively low in the lower-bound scenario. For each country, we then run a high longevity and fertility scenario and a low longevity and fertility scenario. 21 In the former, we assume longevity gains of two years per decade, levelling-off mortality after 85 and a fertility rate converging to 2.1 in 2025. In the latter, we assume no longevity gains, the validity of the Gompertz law and a constant fertility rate from 2000 on.
22
[ Figure 13 : High longevity and fertility vs. low longevity and fertility scenarios]
50.
As suggested in Figure 13 , the dependency ratio in the "high longevity and fertility" scenario is higher than in the "low longevity and fertility" scenario in all countries. The difference between both scenarios lies between 5 and 10 percentage points in 2050. 23 In 2025, it is twice smaller on average. This result suggests that a surge in fertility may not be enough to fully offset the effect on dependency ratio of longevity increases in line with past trends (i.e., around two years every decade).
21.
In both scenarios, net migration flows correspond to national assumptions.
22.
For countries where the fertility rate is above 2.1 in 2000, national projections assume this rate to decline below 2.1 in the future. Thus the "high fertility" for these countries remains the convergence to 2.1 in 2025 and the "low fertility" assumption corresponds to national projections. This only applies to Mexico and Turkey.
23.
Exceptions are Korea and Poland, where the difference between both scenarios in 2050 is close to zero. 15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49 Number of births for 1000 women
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